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Stochastic Estimation of Crosstalk in Symmetric/Asymmetric Two-Conductor
Transmission Lines Owing to Variations in Geometrical Parameter Tolerance
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Abstract

In this study, a generalized polynomial chaos method (gPC), which is a stochastic estimation technique, was used to predict the
crosstalk voltage of a two-conductor symmetric/asymmetric transmission line owing to changes in the manufacturing tolerance of the
geometrical parameters. In addition, a Monte-Carlo simulation, a conventional estimation method, was conducted in parallel with the
gPC, and the results were compared with the actual measured crosstalk. A pair of microstrip signal lines were applied with symmetric
and asymmetric structures, achieving a reduction in the crosstalk. A total of five geometrical parameters were defined as random varia-
bles, and a stochastic simulation was conducted in parallel for comparison with the crosstalk results of the gPC and Monte-Carlo
simulations. Based on the stochastic estimation, we derived the change in crosstalk on the transmission lines and identified which struc-
tures are more sensitive to tolerance. Finally, the effectiveness of the stochastic estimation was determined by comparing the actual
data, and it was confirmed that the performance in reducing the crosstalk under an asymmetric structure was not significantly hindered
based on the manufacturing tolerance of the geometrical parameters.
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ductor microstrip lines.
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Table 2. Comparison using stochastic estimation results for symmetric/asymmetric microstrip line based on NEXT voltage.

Comparison point of| Simulation Ratio of change
NEXT voltage of | result in Mc gPC mean MC boundary gPC boundary [(MAX-min)/(mean)
symmetric line Fig. 2(b) mean MC gPC
0.35 ns 0.0562 V| 0.0562 V | 0.0562 V | 0.0481 V~0.0662 V | 0.0481 V~0.0661 V | 30.79 % 30.59 %
0.54 ns 0.0519 V. | 0.0519 V | 0.0519 V | 0.0474 V~0.0643 V | 0.0474 V~0.0643 V | 32.56 % 3044 %
0.63 ns 0.0298 V| 0.0298 V | 0.0298 V | 0.0200 V~0.0502 V | 0.0199 V~0.0502 V | 101.08 % | 101.08 %
0.69 ns 0.0072 V| 0.0072 V | 0.0072 V | 0.0033 V~0.0299 V | 0.0034 V~0.0297 V | 366.18 % | 364.71 %
1.17 ns 0.0019 V| 0.0019 V | 0.0019 V | 0.0004 V~0.0041 V | 0.0003 V~0.0040 V | 205.88 % | 205.88 %
Comparison point of| Simulation Ratio of change
NEXT voltage of result in MC gPC mean MC boundary gPC boundary [(MAX-min)/(mean)
asymmetric line Fig. 3(b) fean MC gPC
0.35 ns 0.0158 V| 0.0158 V | 0.0157 V | 0.0134 V~0.0192 V | 0.0133 V~0.0193 V | 36.71 % 3822 %
0.56 ns 00173 V| 00173 V | 0.0172 V | 0.0125 V~0.0249 V | 0.0124 V~0.0246 V | 71.68 % 70.93 %
0.63 ns 0.0046 V| 0.0045 V | 0.0046 V | 0.0013 V~0.0206 V | 0.0014 V~0.0206 V | 428.89 % | 417.39 %
0.67 ns 0.0019 V| 0.0019 V | 0.0019 V | 0.0001 V~0.0161 V | 0.0002 V~0.0161 V | 842.11 % | 836.84 %
1.13 ns 0.0011 V| 0.0011 V | 0.0010 V | 0.0001 V~0.0024 V | 0.0001 V~0.0024 V | 209.09 % | 230.00 %

942



4 sty P wstel] wE 24 MU AFAR ARAEAY] FEH A5 U A7

H 3. FEXT 7|% tA/MIUY vlo]A22EY 219 &4 o 23 ¥
Table 3. Comparison of stochastic estimation results for symmetric/asymmetric microstrip line based on FEXT voltage.

Comparison point | Simulation MC Ratio of change

of FEXT voltage | result in mean gPC mean MC boundary gPC boundary |(MAX-min)/(mean)|

of symmetric line | Fig. 2(b) MC gPC
0.25 ns —0.0016 V| —0.0016 V|—0.0016 V| —0.0052 V~0.0044 V | —0.0052 V~0.0042 V | 412.50 % | 412.50 %
0.35 ns —0.1133 V| —0.1133 V| —0.1133 V| —0.1253 V~—0.0981 V|—0.1253 V~—0.0981 V| 24.01 % 2401 %
0.41 ns —0.0092 V| —0.0092 V| —0.0093 V|—0.1048 V~—0.0049 V|—0.1048 V~—0.0049 V| 1,085.87 % | 1073.12 %
0.84 ns —0.0018 V| —0.0018 V|—0.0017 V| —0.0086 V~0.0031 V | —0.0086V~0.0031 V | 650.00 % | 682.35 %
0.93 ns —0.0054 V| —0.0054 V|—0.0054 V| —0.0099 V~0.0012 V | —0.0099 V~0.0012 V | 205.56 % | 205.56 %
0.99 ns —0.0018 V| —0.0018 V|—0.0018 V|—0.0064 V~—0.0002 V|—0.0064 V~—0.0002 V| 34444 % | 34444 %

Comparison point | Simulation MC Ratio Of change

of FEXT voltage | result in gPC mean MC boundary gPC boundary I(MAX-min)/(mean)

of asymmetric line| Fig. 3(b) fean MC gPC
0.25 ns —0.0012 V| —0.0012 V| —0.0011 V| —0.0036 V~0.0027 V | —0.0036 V~0.0026 V | 525.00 % | 563.64 %
0.35 ns —0.0419 V| —0.0419 V| —0.0419 V| —0.0499 V~—0.0335 V|—0.0499 V~—0.0335 V| 39.14 % 39.14 %
0.41 ns —0.0042 V| —0.0042 V| —0.0042 V| —0.0470 V~—0.0024 V|—0.0470 V~—0.0024 V| 1,061.90 % | 1,059.52 %
0.78 ns —0.0010 V| —0.0010 V|—0.0010 V| —0.0039 V~0.0001V | —0.003 9V~0.0001 V | 400.00 % | 400.00 %
0.88 ns —0.0019 V| —0.0019 V|—0.0019 V| —0.0042 V~0.0003V | —0.0042 V~0.0003 V | 236.84 % | 236.84 %
0.94 ns —0.0009 V| —0.0009 V|—0.0009 V| —0.0035 V~—0.0000V | —0.0035 V~—0.0000 V| 388.89 % | 388.89 %
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